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Problem statement 

The research carried out in the Heat Transfer Laboratory of the Johns Hopkins University was motivated by 
previous studies indicating that in terrestrial applications nucleate boiling heat transfer can be increased by a factor 
of 50 when compared to values obtained for the same system without electric fields. Imposing an external electric 
field holds the promise to improve pool boiling heat transfer in low gravity, since a phase separation force other than 
gravity is introduced. The influence of electric fields on bubble formation has been investigated both experimentally 
and theoretically. 

Method of study and results 

The research carried out within the framework of the NASA project focused on the analysis of bubble 
formation under the influence of electric fields. In the first phase of the research air was injected into the working 
fluid PF5052 through an 1.5mm diameter orifice located in the center of the circular ground electrode which is flush 
with the bottom wall of the test cell. The life cycle of the bubble was captured on videotape with a high-speed 
camera. Bubble shapes in terrestrial conditions and microgravity (microgravity experiments were carried out in 
NASA’s KC-135 aircraft) with and without electric fields were visualized for a range of operating parameters. In 
addition to evaluating the effects of gravity, the magnitude and polarity of the electric field, the mass flow rate of 
the air injected into the test cell, as well as the level of heating applied to the bottom electrode were varied during 
these experiments. Typical bubble sequences for the uniform electric fields (0V and 25kV potential difference 
between the electrodes) recorded in terrestrial conditions are shown in Figure I and in microgravity in Figure 2. 



as 

function time visualized under terrestrial conditions in the Heat Transfer Lab of the Johns Hopkins University. 

Experiments were carried out for two configurations of the electrodes . In the first series of experiments the 
two electrodes were parallel , generating a uniform electric field. In the second series of experiments the shape of the 
high-voltage electrode was modified to a spherical shape (its diamater being one fourth of the diameter of the 
circular ground electrode) and positioned off-axis with respect to the bottom ground electrode. This electrode 

configuration yields a nonuniform electric field. _ 

Bubble shapes and sizes were measured using - digital image processing. A dedicated digital image 
processing code was developed for this purpose using the Matlab software. In the analysis, selected image sequences 
were converted into a digital format using a frame grabber. The images were then enhanced and sequentially read by 
the image processing code. The size of the bubble during bubble formation, its volume and key dimensions were 
extracted and stored in a file for further evaluation. Measured bubble shapes are currently being compared with 
predictions obtained using simplified analytical models. 

In addition to the visualization of bubble shapes, temperature fields were visualized using holographic 
interferometry. Dedicated image processing codes for the evaluation of interferometric images of bubbles and 
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tomographic algorithms for the tomographic reconstruction of 3D temperature distributions around the bubble were 
developed. 

-11 


a=-0.026 g U=0V m=1.0576 10 kg/s 



Figure 2. Bubble formation at an orifice without electric field (top) and with 25 kV applied to the 
electrodes (bottom) as function time visualized in microgravity conditions in NASA's KC-135 aircraft. 


The results of visualization experiments clearly indicate that there are significant differences in bubble 
shape, size and frequency, caused by effects of gravity and electric fields. In terrestrial conditions the bubbles at 
detachment are much smaller and more elongated in the presence of the electric field than for the reference 
conditions without the electric field. Microgravity experiments have verified that in the presence of electric fields 
bubbles do detach from the orifice and move away from the surface as opposed to the situation when large spherical 
bubbles developing at the orifice remain motionless on the surface in the absence of acceleration. The bubble shape 
in microgravity is elongated when an electric field is applied between the electrodes, contrasted to the nearly 
spherical shape in the absence of the electric field. In addition to the change of shape, one key difference in the 
behavior of the bubbles in the 
presence of the electric fields is the 
significantly reduced tendency for 
coalescence. 

Apart from the 
experimental studies, existing 
simplified analytical models 
describing bubble formation at an 
orifice and during boiling were 
evaluated and modified to 
accommodate the physical effects 
considered in the NASA study. 

Bubble shapes and sizes at 
detachment were evaluated for a 
range of working fluids as function 
of the magnitude of the electric field 
and the gravity level. 

The influence of gravity 
level on bubble shapes in the 
performance fluid PF5052 for two 
values of the potential difference 
imposed between the electrodes, Figure 3. Bubble shapes at detachment for terrestrial conditions and 
(7=50kV and U- OV, is illustrated in 1/1 Og for a potential difference between the electrodes of 50 kV (left) 
Figure 3. Results obtained for and 0 kV (right) 
terrestrial conditions show little 
difference in bubble shape due to the 

electric field. Bubble elongation in microgravity is pronounced, as illustrated in Figure 3. The elongation becomes 
more significant with increasing magnitude of the electric field (50 kV) both in terrestrial conditions and 
microgravity. The comparison of modeling data with experimental results is currently underway. 
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Increase of bubble departure frequency jd 2 = 




Terrestrial, Cleveland Matrix, bxpenroent No. 7 
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